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(54) TOOL STEEL FOR HOT WORKING 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a tool steel for 
hot working high in the levels of toughness and ductility 
and having isotropy small in the difference between 
characteristics in the T direction and the L direction. 
SOLUTION: This steel has the compsn. contg., by 
weight, 0.10 to 0.70% C, 0.10 to 2.00% Si, <2.00% Mn, 
<7.00% Cr, W and Mo alone or in combination by 
(1/2W+Mo): 0.20 to 12.00% and <3.00% V, in which the 
content of S is regulated to <0.005% and that of O to 
<30 ppm, and the balance substantial Fe, and has the 
cleanliness so that nonmetallic inclusions present in the 
steel is regulated to JIS dA60*400<0.010% and d(B+C) 
60x400<0.020%. Moreover, the steel may contain one or 
more kinds among ^4.00% Ni, <6.50% Co and <:0.20% 
N and is preferably subjected to soaking treatment. 




http://wwwl9.ipdl.ncipi.go.jp/PAl/result/detail/main/wAAA.daqluDA41 1 106868Pl.htm 5/1 1/2006 



JP,11-106868,A [CLAIMS] 
CLAIMS 



Page 1 of 1 



[Claim(s)] 

[Claim 1] By the weight ratio, C:0.10 - 0.70%, Si:0. 10-2.00%, By independent or compound of 
Mn<=2.00%, Cr<=7.00%, and W and Mo : (1/2 W+Mo) 0.20 - 12.00%, V<=3.00%, less than further 
S:0.005%, and O are less than 30 ppm. The cleanliness of the nonmetallic inclusion which has the 
presentation which the remainder becomes from Fe substantially, and exists in steel is JIS. Tool steel for 
hot working characterized by being d (B+C) 60x400<=0.020% 60x400<=0.010% of dA(s). 
[Claim 2] By the weight ratio, C:0.10 - 0.70%, Si:0. 10-2.00%, By independent or compound of 
Mn<=2.00%, Cr<=7.00%, and W and Mo : (1/2 W+Mo) 0.20 - 12.00%, V<=3.00% is contained. 
Further nickel<=4.00%, Co<=6.50%, Less than further S:0.005% and O are less than 30 ppm N<=0.20% 
of more than a kind. The cleanliness of the nonmetallic inclusion which has the presentation which the 
remainder becomes from Fe substantially, and exists in steel is JIS. Tool steel for hot working 
characterized by being d (B+C) 60x400<=0.020% 60x400<=0.010% of dA(s). 
[Claim 3] Claim 1 characterized by coming to give soaking processing thru/or tool steel for hot working 
given in 2. 



[Translation done.] 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Since this invention is used for various metal mold applications between heat, 
such as a mold for hot forging, an aluminum die-casting mold, and an aluminum extrusion dice, a crack 
is not produced to an operation of severe thermal and mechanical stress, a longevity life can be obtained 
and it is hard to produce a crack, It can be used being able to raise hardness and the toughness which 
makes it possible to acquire the antifriction life which was excellent as this result, and ductile level are 
related with the tool steel steel materials for hot working highly equipped with isotropy with little 
directivity. 
[0002] 

[Description of the Prior Art] The problem of the early large crack of a mold was raised, and the 
advancement of forging precision became poor [ a product dimension and a configuration ] in slight 
sagging of a mold face, and the phase of wear, and the example to which metal mold reaches a life at an 
early stage has increased the Sharp corner-ization of the mold for raising severe-izing of cooling from 
the mold face for gathering configuration complication of a mold in recent years, enlargement, and 
shaping effectiveness, and forging precision. In this case, although raising hardness was examined in 
order to prevent early setting and wear, it is loam ****** about the early large crack. 
[0003] In the case of the conventional tool steel steel materials for hot working, the fiber at the time of 
hot working of a material is met. A crack occurs or Progress, The toughness value in the case of 
destroying, i.e., the toughness value of the direction of cogging and the direction of a right angle, (the 
direction toughness value of T) Are low to a toughness value (the direction toughness value of L), i.e., 
the toughness value of the direction of cogging, in case a crack progresses and breaks in the direction of 
a right angle to a fiber. (For example, the direction toughness value of T / direction toughness value of L 
= 0.6 etc.) Therefore, destruction tended to advance along the direction of a fiber, and it was a problem 
of the utmost importance for the improvement in a life of the toughness of the direction of T of a 
material and a ductility improvement. 
[0004] 

[Problem(s) to be Solved by the Invention] In the case of the conventional steel materials, to the 
toughness value (the direction toughness value of L) of a direction parallel to the direction of cogging, 
above for example, 60% in the case of a parallel sample and the clearly low things of ** by the sample 
of the direction of a right angle and ductile (the direction toughness value of T) level are usually, and the 
crack-proof life of metal mold was influenced by this **, ** of the ductile low direction of a right angle, 
and ductile level in many cases. It is easy to produce the letter destruction of exfoliation into the parts of 
the nonmetallic inclusion extended for a long time in the direction of cogging as a cause of that 
difference, or the dense inclusion, and, for this reason, meets in the direction of a fiber, and a crack 
occurs and becomes easy to progress, Moreover, the component segregation concentration of the stripes- 
like segregation extended in the direction of cogging was high, and **** was wide, and when having 
arranged with directivity strong against the direction of a fiber, it was the main factor to which a crack 
tends to progress to linearly along with a stripes-like segregation, and this is reducing the toughness of 
the direction of a right angle. 
[0005] 

[Means for Solving the Problem] Especially in this invention, mileage, and the amount and magnitude of 
cone sulfide system inclusion are reduced to a limit in the direction of cogging. Moreover, the pole 
clarification steel which reduced a silicate system and oxide system inclusion to pole small quantity is 
obtained efficiently. By combining reduction of the microsegregation by the still more suitable diffusion 
soaking, control of the configuration of the nonmetallic inclusion by hot working which carried out 
suitable management of a **** multiplier, etc. Reduce the inclination of destruction by the gestalt 
mentioned above, and both the toughness level of the direction of cogging and the direction of a right 
angle is raised. And it is what is going to raise the toughness value of the direction of a right angle to the 
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level (isotropy) equivalent to parallel it which is, carries out and applies to this, moreover - the 
dissolution and the ingot making approach — a cost rise and efficiency fall of vacuum remelting, 
consumable electrode type remelting, etc. — imitating --**-- it is not based on a special approach but 
solves in mass-production methods, such as refinement an electric furnace refinement-furnace outside. 
[0006] The 1st invention of this invention by the weight ratio Namely, C:0.10 - 0.70%, Si:0. 10-2.00%, 
By independent or compound of Mn<=2.00%, Cr<=7.00%, and W and Mo : (1/2 W+Mo) 0.20 - 
12.00%, V<=3.00%, less than further S:0.005%, and O are less than 30 ppm. The cleanliness of the 
nonmetallic inclusion which has the presentation which the remainder becomes from Fe substantially, 
and exists in steel is JIS. It is the tool steel for hot working characterized by being d (B+C) 
60x400<=0.020% 60x400<=0.010% of dA(s). As for the steel of the 1st invention of the above, it is 
good that it is the isotropy to which the direction toughness value of T / direction toughness value of L 
which is the ratio of the toughness value (the direction toughness value of L) and the toughness value of 
the direction of a right angle of the direction of cogging (the direction toughness value of T) exceed 
0.70. Moreover, for S, the cleanliness of less than 0.003% and nonmetallic inclusion is [ the range of the 
steel of the 1st invention of the above ] JIS. It is good for 60x400<=0.005% of dA(s), and the direction 
toughness value of T / direction toughness value of L to consider as 0.85 or more isotropy. 
[0007] Furthermore, the 2nd invention by the weight ratio C:0.10 - 0.70%, Si:0. 10-2.00%, By 
independent or compound of Mn<=2.00%, Cr<=7.00%, and W and Mo : (1/2 W+Mo) 0.20 - 12.00%, 
V<=3.00% is contained. Further nickel<=4.00%, Co<=6.50%, Less than further S:0.005% and O are 
less than 30 ppm N<=0.20% of more than a kind. The cleanliness of the nonmetallic inclusion which has 
the presentation which the remainder becomes from Fe substantially, and exists in steel is JIS. It is the 
tool steel for hot working characterized by being d (B+C) 60x400<=0.020% 60x400<=0.010% of dA(s). 
As for the steel of the 2nd invention of the above, it is good that it is the isotropy to which the direction 
toughness value of T / direction toughness value of L which is the ratio of the toughness value (the 
direction toughness value of L) and the toughness value of the direction of a right angle of the direction 
of cogging (the direction toughness value of T) exceed 0.70. Moreover, for S, the cleanliness of less than 
0.003% and nonmetallic inclusion is [ the range of the 2nd invention of the above ] JIS. It is good for 
60x400<=0.005% of dA(s), and the direction toughness value of T / direction toughness value of L to 
consider as 0.85 or more isotropy. 

[0008] the precipitation-strengthening grant elements Cu, B, aluminum, and Be according the special 
carbide formation elements Nb and Ti etc. to 0.50% or less and intermetallic-compound formation by 
independent or compound to the presentation of the steel of the 1st invention of the above, and the steel 
of the 2nd invention etc. - independent or compound ~ various alloying elements, such as 3.00 etc.% or 
less, — content ****-- things are made. 
[0009] 

[Embodiment of the Invention] The role of various elements required as tool steel for hot working of 
this invention is described below. At the time of hardening heating, it dissolves on a base and required 
hardening hardness is given, and at the time of tempering, special carbide is formed between special 
carbide formation elements, it deposits, and the softening resistance and high temperature strength in 
tempering are given, and a lipobiolite ghost is formed, the abrasion resistance in an elevated temperature 
is given, it has the operation which prevents big and rough-ization of the crystal grain at the time of 
hardening heating, and C is an important indispensable element. If many [ too ], the amount of carbide 
will increase too much, the required toughness as a tool between heat cannot be held, and the fall of high 
temperature strength is also imitated, it considers as 0.70% or less by that of **, and since the 
effectiveness of the above-mentioned addition will not be acquired if too low, it may be 0.10% or more. 
[0010] An addition is adjusted by the purpose and the application for Si needing the use as a 
deoxidation-on manufacture element generally, raising oxidation resistance and tempering softening 
resistance at 500-600 degrees C or less according to an application, and getting the Al transformation 
point. Since a toughness fall will be imitated, and it will come and pyroductivity will be reduced too 
much if many [ too ], it may be 0.10 - 2.00%. The effectiveness of Mn which dissolves on a base and 
raises hardenability is large. Mn adjusts an addition by the purpose and the application, in order to 
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acquire the above-mentioned addition effectiveness. Since will anneal, hardness will be made high too 
much, and machinability will be reduced and the Al transformation point will be made low too much if 
many [ too ], it may be 2.00% or less. 

[001 1] Cr is the most important element for giving the hardenability needed as a tool. Moreover, the rise 
of oxidation resistance or the Al transformation point and a lipobiolite ghost are formed, and big and 
rough-ization of the crystal grain at the time of hardening heating is controlled, and abrasion resistance 
is raised, special carbide is deposited at the time of tempering, and the softening resistance at the time of 
a temperature up is improved, and it is added in order to give effectiveness, such as raising high 
temperature strength. Since Cr carbide will be formed too much and the fall of high temperature strength 
will be brought about on the contrary if many [ too ], it may be 7.00% or less. In addition, although there 
may be additive-free, in order to acquire the effectiveness of the above-mentioned addition, it is good to 
make it contain 0.70% or more generally. 

[0012] W and Mo are the most important alloying elements for forming special carbide, and preventing 
organization big and rough-ization at the time of hardening heating by lipobiolite ghost formation, and 
depositing detailed special carbide at the time of tempering, and raising tempering softening resistance 
and high temperature strength. Moreover, it has the effectiveness which raises the Al transformation 
point. Especially W has the large effectiveness which raises high temperature strength and abrasion 
resistance, and, on the other hand, Mo is more advantageous than the case of W in respect of toughness. 
If many [ too ], it will consider as 12.00% or less by that of ** by independent or compound (1/2 
W+Mo) of W and Mo by forming big and rough carbide and imitating too much fall of toughness, and 
since the effectiveness of the above-mentioned addition runs short if too low, it may be 0.20% or more. 
[0013] V is a powerful carbide formation element, a lipobiolite ghost is formed and the effectiveness of 
grain refining gives the wear-resistant improvement in an elevated temperature greatly. Moreover, at the 
time of tempering, detailed carbide is deposited in radical underground, and the effectiveness which 
raises the reinforcement in a pyrosphere 600-650 degrees C or more by joint addition with W and Mo is 
large, and gives the effectiveness which raises the Al transformation point. Although it is added in order 
to acquire the above-mentioned effectiveness, if there is too much V, it will form big and rough carbide, 
it imitates the fall of toughness, and may be 3.00% or less by that of**. In addition, although there may 
be additive-free, in order to acquire the effectiveness of the above-mentioned addition, it is good to 
make it contain 0.05% or more generally. 

[0014] nickel is added by the purpose and the application, in order to dissolve on a base, and to raise 
toughness and to raise hardenability. If many [ too ], it will anneal and hardness will be made high too 
much, machinability is reduced, and too much fall of the Al transformation point is imitated, and it may 
be 4.00% or less by that of **. Co has the operation which dissolves on a base and raises high 
temperature strength. Moreover, raise the solid-solution limit of the carbide to the inside of the austenite 
at the time of hardening heating, and the amount of deposits of the special carbide at the time of 
tempering is made to increase, and condensation resistance of the deposit carbide at the time of a 
temperature up is raised, and the effectiveness of improving a high-temperature-strength property also 
from this field is given. Moreover, the oxide skin of precise adhesion is made to form in a front face 
according to the temperature up at the time of use of a tool, and the effectiveness which raises the 
abrasion resistance in an elevated temperature and an antiseizure property is given. Although added by 
the purpose and the application for the above-mentioned purpose, since too much Co will reduce 
toughness if there is, it may be 6.50% or less. 

[0015] N makes possible the combination of the alloy presentation which prevented the ferrite survival 
at the time of hardening heating also in low C, and was excellent in toughness as an austenite former in 
order to dissolve in a base or carbide, to make crystal grain detailed and to raise toughness. In order to 
acquire the above-mentioned effectiveness, it is added by the purpose and the application, but since the 
critical mass which can be added within the limits of the alloy presentation of tool steel between heat, 
such as Cr, exists, N may be 0.20% or less. 

[0016] Nb and Ti are powerful carbide formation elements, and have the effectiveness which raises the 
softening resistance and high temperature strength in a pyrosphere 650 degrees C or more by the deposit 
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of especially large detailed carbide of the condensation resistance at the time of detailed-izing and 
tempering of crystal grain. It is added by the purpose and the application in order to acquire the above- 
mentioned effectiveness. If many [ too ], the big and rough carbide which cannot dissolve easily will be 
formed, the fall of toughness will be imitated, and it may be 0.5% or less by compound or independent 
addition by that of **. Cu, B, aluminum, and Be form an intermetallic compound, bring about the 
deposit effectiveness, and bring about the effectiveness of improving the softening resistance at the time 
of a temperature up, and high temperature strength. Since toughness will be reduced if many [ too ], it 
may be 3.00% or less by independent or compound. 
[0017] 

[Example] The presentation of steel and the cleanliness of nonmetallic inclusion are shown in Table 1 
this invention steel of a 61 about SKD presentation of JIS, comparison steel, and conventionally, the 
amount [ in / to drawing 1 / the stereo mold steel of SKD61 presentation ] of S, and JIS - the example 
of an experiment about relation with the plane strain fracture toughness value KIC of the nonmetallic 
inclusion cleanliness by law, the direction of cogging (the direction of L), and its direction of a right 
angle (the direction of T) is shown. The forging ratio in this case is 15 (a **** multiplier is 6.5). 
Although the amount of sulfide system inclusion and magnitude are dwindled and KIC is increased 
gradually with it to reduction from the amount 0.014 of S to 0.006%, especially as for the KIC value of 
the direction of T, the amount of S increases [ the amount of S ] rapidly at less than 0.003% bordering 
on less than 0.005%, and it is admitted that the difference by L and the direction of T decreases rapidly. 
[0018] Although pointed out from the former, going in the direction which the toughness value by the 
direction TP of T increases by reduction of the amount of S, and approaches it of the direction of L 
There is a special point that the effectiveness increases [ the amount of S ] rapidly remarkably near less 
than 0.005%, especially 0.003% in the tool steel for hot working, as a result of a detailed research 
investigation of this invention persons. The outstanding property in which it is newly found out that the 
toughness value of the direction of T increases rapidly in the amount of S not more than this, and it 
exceeds anticipation far as various metal mold between heat is acquired. 
[0019] 
[Table 1] 
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[0020] The **** multipliers 0-L, and 20 and the relation of the KIC value of the direction of T are 
shown in drawing 2 about S:0.002% of this invention steel in the 61 about SKD steel materials of the 
heat treatment (hardening, tempering) hardness HRC45, and S:0.014% of the conventional steel. In this 
case, before moving to cogging, ****** is put in, and the total forging ratio has become 0-50. Although, 
as for S:0.014% of the conventional steel, the increment in the toughness value of the direction sample 
of T is seen by two or more **** multipliers and a toughness value serves as max in the four to **** 
multiplier 6 neighborhood in this result, it becomes only the value of about 60 percent (the ratio of the 
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direction toughness value of T / direction toughness value of L is about 0.6) of the KIC value in the case 
of the direction of L, but 10 or more order of**** multipliers shows the inclination of reduction. 
[0021] On the other hand, the toughness value of the direction sample of T of the thing of S:0.002% of 
this invention steel increases in the **** multiplier 2 neighborhood more greatly than the case of the 
conventional material. Taking ** size in the four to 10 neighborhood, not to mention the direction of T 
of S:0.014% of the conventional steel, the value is clearly higher than the direction of L, and shows the 
KIC value of 90 percent or more (the ratio of the direction toughness value of T / direction toughness 
value of L is 0.85 or more) of the KIC value of the direction of L of this invention steel. And even if 
reduction of the KIC value of the direction sample of T accompanying the increment in a **** 
multiplier compares with the conventional material, it is hard to be generated, and the fall of the KIC 
value of the direction TP of T is small also before and behind the **** multiplier 20. That is, as a 
forging ratio, it is four (however, **** multipliers 4-10) or more desirably 1.5 (however, **** 
multipliers 1-20) or more. 

[0022] The improvement effectiveness of the Charpy impact value of the direction of T after the forging 
finish at the time of taking lessons from this invention steel materials of S:0.002% of SKD61 
presentation with the heat treatment (hardening, tempering) hardness HRC45, and giving slab soaking 
processing to drawing 3 in the **** multiplier 5.0, the steel-ingot soaking in the case of a forging ratio 
12.0, and the phase of a forging ratio 2.3 (**** multiplier 1) is shown. The soaking temperature in this 
case is 1200 degrees C or more. By reducing the microsegregation at the time of coagulation by soaking 
processing, when the ratio of the direction Charpy impact value of T / direction Charpy impact value of 
L had no soaking, it was admitted to being 0.88 that Charpy impact value of that to which what 
performed the steel-ingot soaking performed 0.90 and a slab soaking was improving by performing a 
soaking by 0.92. 

[0023] In order to obtain this invention steel, after advancing to oxidizing-refining -> reduction 
refinement beforehand and setting the amount of [O] in molten steel to 100 ppm or less in an electric 
furnace, it is effective to advance desulfurization and deoxidation efficiently by refinement furnace 
outside. Under the present circumstances, it is more effective to make coincidence reduce the amount of 
[O] in molten steel further to less than 30 ppm by Ar blowing in from a lower part in to advance 
desulfurization for a short period of time by refinement furnace outside of an electromagnetic-mixing 
method to less than S:0.005% of super-low level and this case, in order to advance desulfurization by the 
slag-molten steel reaction efficiently, and to accelerate the desulfurization effectiveness further etc. As 
shown in the above-mentioned table 1, S is [ less than 0.005% and O ] less than 30 ppm, desirably, S is 
less than 0.003%, O is less than 30 ppm, and there is very little this invention steel as compared with 
steel conventionally. Moreover, as cleanliness of the nonmetallic inclusion which exists in steel, it is JIS. 
It is d (B+C) 60x400<=0.020%, and the amount and magnitude of sulfide system inclusion or oxide 
system inclusion are desirably reduced extremely 60x400<=0.010% of dA(s) as compared with steel 
conventionally at 60x400<=0.005% of dA(s). 

[0024] The heat treatment (hardening, tempering) hardness HRC44 shows the impact transition property 
by the direction test piece of T of this invention steel materials of S:0.002% of SKD61 presentation, and 
the conventional steel materials of S:0.014% of SKD61 presentation to drawing 4 . A test piece is JIS. It 
examined at 20-300 degrees C by the piece of a V notch Charpy test, and change of the absorbed energy 
of fracture was investigated. The forging ratio of a material is 12.5 and a **** multiplier is 5.0. In the 
case of S:0.014% of the conventional steel materials, 50%, brittle-fracture-appearance transition 
temperature is 50-100 degrees C, the increment in the absorbed energy to a test temperature is seen, but 
the degree of the increment is small in the temperature region exceeding 100 degrees C. On the other 
hand, in the case of this invention steel materials, 50% brittle-fracture-appearance transition temperature 
is 50-100 degrees C similarly, but whenever [ increment / in the absorbed energy to the rise of a test 
temperature ] is clearly large. For this reason, in the case of the metal mold using this invention steel 
materials, impact absorbed energy by the mold preheating can be enlarged, to the case where the crack 
reduction effectiveness is steel materials conventionally, it is conspicuous and a large thing is accepted. 
[0025] To Table 2 SKT4 of 0.52%C-0.21%Si-0.85%Mn-1.65%nickel-1.03%Cr-0.40%Mo-0.16%V- 
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balFe, SKD8 of V-4.30% Co-balFe of W-0.35% Mo-1.98% of 0.40%C-0.22%Si-0.34%Mn-4.36%Cr- 
4.35%, The 3nickel-3Mo system of 0.19%C-0.25%Si-0.60%Mn-332%nickcl-3.42%Mo-balFe, About 
the tool steel between [ several sorts of] heat of 10 Cr-Mo-V-N system of 0.31%C-0.33%Si-0.65%Mn- 
10.25%Cr-1.58%Mo-0.97%V-balFe The ratio of the direction toughness value of T and the direction 
toughness value of L is shown in the plane strain fracture toughness value list of the direction of L of 
steel materials, and the direction of T this invention steel materials and conventionally. It turns out that it 
has 0.85 or more [ to which the toughness of the direction of T is conventionally low in the case of steel 
materials, and the toughness of the direction of T of this invention steel materials is conspicuous, and it 
excels to the ratio of the direction toughness value of T / direction toughness value of L being less than 
0.70, and the ratio of the direction toughness value of T / direction toughness value of L exceeds 0.70 
far ] outstanding isotropy. 
[0026] 
[Table 2] 
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[0027] Moreover, the example of a comparison of the die service life at the time of using this invention 

steel materials and the conventional material for a hot press forge mold is shown in Table 3. 

[0028] 

[Table 3] 



[xj ID=000005 



[0029] Since generating of a crack stopped being able to progress easily by having been late due to 
application of this invention steel materials and a large crack did not arise, the die service life improved 
the twice of the conventional material, and it became clear that stabilization is achieved and practicality 
ability is improved sharply. Moreover, also in the aluminum die-casting die using this invention steel 
materials of SKD61 presentation, and the hammer metal mold between heat using this invention steel 
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materials of SKT4 presentation, the 2 to 3 times [ at the time of using the conventional material ] as 

many longevity life as this is obtained. 

[0030] 

[Effect of the Invention] Since the difference of the property of the direction of T and the direction of L 
is equipped highly [ toughness and ductile level ] with little isotropy by the tool steel for hot working of 
this invention as shown above, in the applied various metal mold between heat, an early large crack is 
not produced, but generating of a crack is slow, and since it is hard to progress, stabilization can be 
attained along [ long lasting ] a mold. 
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